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WHAT IS CLAIMED IS: 
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A biologically active transfer vector iiKaxporating no viral { 
comprising, linked , 

(a) a 5 1 long terminal repeat (LTR) sequence denve^l ftom a 

VL30retrotransposonc^^ 

for RNA; , 

(b) an encapsidation sequence positioned :3/of tbe 5||TR; 

(c) a primer binding site 

remjtransposon and positioned 3' of the 5" LTR; 
(d^Lmsequenccd^ 

(1) sequences necessary^ rx>ly^denylation of a FNA 
transcript initiated in Ac S LTR; 

(2) sequences necessky for reverse transcription of the 
RNA transcript fiiom step (d)(1) into a double stranded 

cDNA; , 

/sequence from a VL30 retrotransposon 

LTR; and 
_ n each LTR which are necessary for 
B biologically active transfer vector into- the 
B of a recipient cell, 

r sequences comprise no more than 2 kbp. 




-wherein the 



25 2r _-Ihe vector of claim 1 wherein the 

" ftomaVl^remjtransposoa 



encapsidation sequence 



is derived 



30 



The vector of daim 1 wherem the VTJ» 

i from a mouse VL30 retiotransposoiL 

/Tbe vector of claim 1 selected from the group consisting of VLP, 
VL PB,VLPP,VLPPB,VLWVLDHVl^^ VLPPBK 



/ 
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-VLPPBNS VLSK VLPSNO, VLATGSAF, VLBEN, VLPPB 
VLIL2EN, VLATCff, VLATGR, VLOVBGH, VLSVP, VLAT)3SAR 
andVL30-MVM 

5 5 Th^-rfcfcl^fc^^V'*™!. 

to narine leukemia virus viral helper sequences isrcouced sothaube 
UkeBhood of recombinatioo between the vector aodWn* leukerma 
vinis is decreased or eliminated 

I0 6 Ihevector of claim 1 fartecorr^at^o* ATC^doo, 

phoned 3' of the traoscription imnau/ she for RNA located m the 
5' LTR, followed by a short open reading frame so that RNA 
transcripts initiated in the 5 1 LTR and terminated within the 3' LTR of 
the vector are more effici«ny packaged into virions than the RNA 

15 transcripts are translated by i 
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8. 

25 



The vector of daini 1 L_, - 

located in the S LIB; so that RNA transcripts initiated in the ? LTR 
and terminated wi thin the 3' LTR of the vector are more efficiently 

virions. 

Tte v«^ of claim 1 
---transcaptfonal unit 



9. 



^vectec of claim ^ 
/derived transcriptional unit 



30 10. 



i TtevectccofclaimS*^ 

amplifying DNA or messenger RNA sequences encoding a 
transcriptional unit using ougonudeotides which contain at 
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"portion of the preselected transcriptional unit. 

n ^vectorofclaimln^ 

! autonomously replicating dement, or a KNA 



positioned 3' of the transcription initiation site in the ? LTR. 



12. 



10 13. 



14. 

15 15. 



5 sequencer 

-„« vector of claim 11 wherein** autonomous/ repeating element 
isaDNAtransposon. / 

vector of data 11 wherem .he *Ja**, ****** *— 

is a virus. / 

-„« vector of data 1 1 wherein AeW sconce encodes a toxin. 



16. 
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-The vector of data 14 whereat the DNA sequence encoding the toxin 
comprises two exons. I 

^teJLmofdiv^andisoperaUy^a 

vecor and S to ,4 3' LTR of the vector such ftat the cDNATbrved 
from the vectt/encodes exon 1 then exon 2. 

17. T1*™ctor4^ 

25 — .-geneor^a selectable marker gene. 

18 . Tfi^td^nTM*^*^'******* 
jlydCD tract 

30 ,9/ Tl.^ofcl^ll««tantt^Uc^1i*d 

to an internal transcriptional unit 
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5 21. 



23. 
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The vector of claim 19 wherein the internal transcriptional unit 
tissue-specific transcription, rKHmor^specific transcription, or^ 
(kvelorjmental-specific transcriptioa 

The vector of claim 19 therein the i^inaa&aJ*AiB 
d^edbyan*lifyir«^ 
p^ectedtrar^pn^ 

least a potion of the preselected ******* J*- 

10 22. Tl*vectc*ofda^ 

VL30-derived transcriptional unit / 

A mShod of producing recipient ate.L*** ^exogenous 
d«*lMttandedI»^coinprishig: / 

(a) packaging the vector of4mn 1 or RNA transcribed from 
the vector by encapsulating the vector or RNA transcribecVfrom 
the vector in » lipid carrier particle together with pnmers and 
e^ymss necessary fcr reverse trar^W integration, or 
both, to yield a packaged vector or vector-denved RNA; 

recipe* cdl^4 that 

cells; ■' / ' 
. (c) ionning double-stranded DNA from the vector or vector- 
derived RNA in the recipient cells; and . • • 
„■ (4)i de^orisrJatingrecir ) ia*cdb 

sttandedDNA. 

24. ArnedWofprodudr^dc^e^rar^cDr^ 
vectorinarecirieM(^am^»ising; 
30 / (a) intrc^tte vectored 

transformed donor cell; _^ 
/ (b),rar^ir«RNAfa>mttevect<Tm^ 
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26. 

15 



27. 



cell to yield vector derived RNA; 

(c) packaging the vector derived RNA into a virion to yiel(T a 
virus cori^singvectOTKfcrivedRNA; / 

(d) exposing a recipient cell to the virus so Aat the virus is 
taken up by the recipient cell; / 

(e) reverse transcribing vector-derived RNA Wme virus to 
form double-stranded cDNA in the reorient^; and 

(f) identifying or isolating progeny of the recipia* 
containing the douWe-stianded(^NA / 

The rnethod of claini 24 in which the donc^cdl is. selected from the 
group consisting of psi2 and PA317. / 

The n^ of claim 24 wherein d^ 
integrated into the genome of the^apient cell. 

The method of claim 26 wterem the chromosomal location of the 
integrated form of tte 
visualized by means oi/m situ hybridization 



26 further ooinprismg cloning the genomic DNA 
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28. The method of 

sequent of threat ce^ 

bacteriophage^ plasinid 

expressed as^RNA or protein in cultured cells 

25 29 ' Thememodofclaim27wh^ 

flanking DNA sequences are determined by nucleotide sequencing 

methods. 

30 30. / The n*hod of claim 24 therein *e recipient cell is infected™* a 
/ retrovirus or a retrovinis-derived vector. 



31. 



32. 
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H* mabod of claim 30 wherein the douMe^aranded cDN^. in tte 

from 



rtdrriertceUistrar^Msotou^ 
stranded cDNA is packaged more efficiendy than RhJA derived from 
the retrovirus or the retroviral derived vector. 

A rnethod of transferring a DNA sequence into an animal comprising: 

(a) inserting a preselected DNA sequence into the vector of 
claim 1 3' of the transcription initiation site in the 5^iTR to 
yield a DNA transfer vector, /■-.-. . 

(b) inhxxticing me DNA transfer vector into a donor cell to 
yield a transformed donor cell; 

(c) transcnl>ingRNAfr^ 

transfonned donor ceu4> yield a transfer vector RNA; 

(d) packaging the transfer vector 1^ to yidd a virion wim me 
transfer vector RNA; 

(e) infecting a recipient cell with the virion; 

(f) reverse traiirib^ 

virion in m/recipient cell to yield a cDNA; 

(g) identifying progeny cells of the reripient cell contain^ 
cDNAyand 

(h) iriroAiciiigm^^ 
tissue, an ernbryo, or an animal host 



The method of claim 32 wherein the donor cell is selected from me 
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consisting of psi2 and PA317. 



The method of claim 32 wherein the reciriert cefl is an ernbrypnic 
stem cell, a pluripotent stem cell, or an embryo. 

The method of claim 32 wherein the recipient cell is a bone marrow 
cell which is first treated with myraphenoUc add to reno^ 
quiescent, and men treated with a cytokine to mduce proiifer^^ 



"during 



the infection of the bone marrow cell with the virion. 
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36 An^ofttarsfeni* a DNA sequel ^ 

(a) inserting a preselected DNA sequence into the vecjor of 
data 13' of the transcript 

yield a DNA transfer vector, / 

(b) introducing the DNA transfer vector into a^donor cell 
capable of fackaging nucleic acid rrrieoJesinro »^on to 
yield a transformed donor cell; / ~ 
(^inttxlucingtheB*^^ 
ttaosformed donor cdl into an organza tissue, an 
embryo, or an animal host, and / 
(^identifying a cell within tte animal in which a vincn, 
eo,,™ vector-derived RN/C produced by the transformed 
donor ceU, or progeny cells »k** aar^ donor C* has 
^ the ante* cell, R^bas been reverse transcribed, and 
a resulting cDNA integrated into the genome of the cell. 
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37. 



38. 



The method of claim 36 



group consisting of psi/aod PA317. 



die donor cell is selected from the 
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A .nethod of inttoducbg and expressing a DNA sequence « an 
ovidiKt«eri*ryorfegglayrr«s^^ _ 

v^torto yield a I*W transfer vecwv*^ 
sequence is operabty linked to a transcriptkn unh m tbe DNA 

/transfer vector, _ji * 

(b) introducing the DNA transfer vector into a donor cell to 

yield a transfcrrned donor cell; 

(c) transcribing RNA from the DNA transfer vector iatix 
^^fon^d donor ceU to yield RNA derived from the DNA 
transfer vector, 
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LavirimtoyieldaviimconTris^R^denvedfi^-the 

DNA transfer vector, /. 
(^introducing the virus into the cMduct ^ li^embiyo 
5 of egg laying sr^es; and . / DMA 

(f) identifying animals which express the protein or RMA 
encoded by the DNA sequence. ^/ 

39 T^n^ofdaimSg^fel^^^^ 1 ^ 

the vector of claim 1 3 of the transcription initialioo site m the ? 
LTR. J ■ 

OV id n etor.»fcjocf«i^^« B *« . RNAintoa 

(a) insertnig a D>^ sequence enXKBng a proton or RNA into a 
vector to yield a DNA transfer vector wherein the j*^. 
sequence is cpe^biy bnked to a transcription m the DNA 

transfer vector, .„ 

(b) introducing the DNA transfer vector into a donor cell to 
yield a donor cell transformed with the DNA transfer ve "*°*^ 

egg4iying species; and 
encoded by die DNA sapience. 
30 42 ^^ofc^l^-"™^^^ 
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43. 



44. 
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-The method of claim 41 wherein the DNA sequence is inserted into 
the vector of claim 1 3' of the transcription initiation site in die 5' 
LTR. 

The method of claim 41 wherein the transcription unit is selected from 
the group consisting of an qvotnmsierim t^^ 
ovomucoid transcription unit, an ovalbumin tianscrir*™^ a 
isozyme trais^ 

10 45 An^ofinsertingand« 
cell compriang; 

(a) operaWy linking a DNA sequence encoding a protem to a 
transcriptional promoter containmg a honnaie in^ 
transcription dement and a manii^ cell specific transcr^ 
element to yield an expression vector, 

(b) inserting the expression vector into me vector of claim 1 3' 
of the transcription init^«» site in me 5« LTR to yield a DNA 
transfer vector, / 

(c) introducing me DNA transfer vector into a donor cell to 
yield a transformed donor cell; 

(d) transmit 

donor cell to yield a transfer vector RNA; 
, (e) packagmgmetra^ 
virus with transfer vector RNA; 
(f)ii*roducmgthevir^ 
transformed mammary cell; and 
(gyr^oAicing a protein encoded by the DNA sequel ^ 
transformed mammary cell. 

30 46 d m ^*emK-'*^teimBmr^*^ 

^ptioode^issdec^fhmtegn^coBsisri^ofac^ 

a^tey acidic ptctein promoter, and a lactofarta promow. 




47. " Tbe method of claim 45 wherein the transformed mammary cell is 
present in a mammary gland of a nonhuman mammal. 

48 TheiMdiodofcIa^ 
5 ceU to a k>nr^ resulted ^ 

by me DNA sequence. 

49 AnrfKritfprodBch*^ 

which is capable of homologous reoiitarion^ 
10 present m the genone of a r^ 

^ hybrid gene; / 

(b) introduce tte 
tfaetranax^ 

j5 transfer vector, ' /' 

(c) iiitrodiicingtte 

yield a transformed donor cell; 

(d) transcribing RhL\ / ftom the DNA transfer vector in me 
transient 

(c) packaging th/transfer vector Rr^ info a viral particle to 
yield a virus;/ 

(f) exposing a recipient cell to me vinis so that me virus is 
tAea up by me recipient cell to yield a transform* 
ceil; / 

(g) revers*tran^ 
ymetransfamedreci^ 
cDNA derived from the hybrid gene; and 

/ <h) identic 
/ recipient c^^ch contain an irtegrated fbrmof tte 

30 / stranded cDNA 
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Amethc>d of express^ 
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1^ 

"in a recipient ceU but not in a donor cell as a result of the ; ^ 
rearrangement of the exons during viral replication compnsiiig- 

(a) inserting exon 1 of the toxin gene into the 3' LTR of the 
vector of claim 1 wherein exon 1 is operably linked to a 
transcription unit to yield a hybrid vector, 

(b) inrrodiK^ the remand 

hybrid vector to yield a DNA transfer vector, 

(c) inrroduciiigtheD^ 

yield a transformed donor cell; / 

(d) trar^bing RNA from the pNA trar^ vector in the 
transformed donor cell to yield a transfer vector RNA; 

(e) packaging the transfer vector RNA into a viral particle to 
yield a virus; / 

taken up by the recipient cell to yield a trar^fbnr^ redpient 
cell; / 

(g) reverse transtibing the transfer vector RNA txo^ 
in the transformed recipient cefl to yidd a dc^e-stranded 
cDNA; and/ 

^exnressmgthetoxm^ 
transformed recipient cdl. 

5i; Arr^^ii^easingthe 

sequence into a bioic»eaUy active transfer vector to effect the 

C-.-^qtiili^ 
sing: 

(a) mrroducing a DNA sequence into the vector of claim 1 3' of 
a transcription initiation site in the 5 1 LTR to yidd a DNA 
transfer vector, 

(b) irirroducing the DNA transfer vector into a donor cell to 
yidd a transformed donor cell; 

(c) transcribing RNA from the DNA transfer vector in the 



/" 

/ 

/ 
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1* 

^formed donor cell to yield a transfer vector RNA, ^ 

(d) packaging the transfer vector RN A into a viral particle to / 
yield virions; / 

(e) collecting the virions produced in step (d) to yield a virus 

stock; and / 

(O detenriining the titer of virus stock relative to a y^ stock 

produced from the vector of claim 1. 

Tterr^o^ 

acceptor site, a splice donor site, or bom. 
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onestopcodonmthesan* 

me ATG codon is separated form the stop codon by no more than 70 

54. AnB diodtfdd«^ 

the genome of a recipient cell/ccmprising: 

(a) ir*oducingar^e^ 

sequence into me/vector of claim 1 3' of the transcription 
initiation site in the 5* LTR to yield a DNA transfer vector, 

(b) i^^ 

yield a transformed donor cell; 

-' (^packaging me transfer vector RNA irito a viral parade to 

yield a virus; 

/ taken up by me recipient^ 
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(f) reverse transcribing theto^ 

me transformed recipient cell to yield at least* singfe- 



7 
/ 



1f 

stranded cDNA denvea trom the transfer vector RN A and 
(g) identifying or isolating progeny of the transformed rear/ent 
cell which contain the cDNA / 

The method of claim 54 wherein the DNA sequence is a DbJA 



5 55. 



56.. Then^ofdataMwheremtteDNAsequace^ai*^ 
autonomously replicating virus. / h- 

10 57 Atr^ofrescuingatranscri^ 

(a) ampmVng DNA or messenger sequences encoding a 
preselected transcriptional unit using oUgonucleoodes which 
coaain at least a portion of the preseJectod oanscriptional umt 

15 to yield a transcriptional unit cassette; and 

(b) inserting me transcriptiopal unk cassette into the vector of 
claim 1. / 
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The method of claim 57 vvte&n me transcriptional unit c 
inserted into the 3' LTR of me vector of claim 1 5' of the sopences 
, for reverse trari^ 



The mrihod of cla^/s? wberein the transcriptional unit 
ijscrted 3' of me/nanscription initiation site in me 5" LTR. 



□C/l 

60. The 



25 ^ " 5n ^o4aim57v^te 
terminal repeat. 



61. A 
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n memod for reconstituting Mood with genetically modrfied 
hemopoietic stem cells derived from bone marrow compnsmg: 
/ (a) inserting a preselected DNA sequence mto a LTR- 
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LTR to yield a DNA transfer vector, / 
(b) introducing the DNA transfer vector into a donor/cell to 
yield a transformed donor cell; / 
(cytimcribi* 

transformed donor cell to yield a transfer vector RNA; 

(d) packaging the transfer yodwRNAtoylddaviikii^ Ae 
transfer vector RNA; and 

(e) infecting bone marrow cellswhichw« 

agent to render the cells quiescent, and then treated ^h at 
least c*e cytokine to ^ 
the virion. 

The method of claim 61 
retroviral vector. / 



63. The method of claim 61 wteein the LTO-ointaming vector is the 
vector of claim 1. 

64. ThernemcdofdLa^ 

20 bone narrow cells into an animal. 



65. 
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66. " 
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The mempd of claim 64 wherein the aimial was subjected to 

in^okorc^herrneamfc^ablao^ 

theanm^pncrtomeirtrod^ 

T^memodofdaimeiwlierem 
grc^ consisting c>fu^ 

factor, interleukin-1, interleukin-3, interieukm-6 and Steel factor 
Ametholforreconstito^ 

hematopoietic stem cells derived fern bone marrow cornr^ 

(a) inserting a preselected DNA sequence into the vector of 
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claim 1 3' of the transcription initiation site in the 5' LTR 
yield a DNA transfer vector, 

(b) introducing the DNA transfer vector into a donor 
capable of packaging nucleic acid molecules into a virion to 
yield a transformed donor cell; 

(c) irtfoduring the transform*! donor cdl, ^ 
transformed donor 0 &viDm<nm.*ti^™**W<*'* 
animal host, and 

(d) identifying a bone marrow cell 
virion, cttnprising vectowfcrived 
transformed donor ceU, or progenv 
donor cell, has entered the 

RNA has been reverse transcribed, and a resulting cDNA 
integrated into the genome ofthe bone narrow cell 




the anmspn which a 
produced by me 
of the transformed 
marrow cell, virion 



with genetically modified 



68. Anxtt^ofrecoristirutingt 

embryonic stem cells cornprismg: 

(a) insertmgar*ese^ 
vector 3' of the ti^^ 
yield a DNA teansfer vector, 

(b) inmxhirite me DNA transfer vector into a eta* ct& to 
yield a traiMbrmed donor cell; 

(c) tramoibing RNA from the DNA transfer vector in the 
donor cell to yield a transfer vector RNA; 

me transfer vector RNA to yield virions with the 
r vector RNA; 

(e) infecting an embryonic stem cett wim the virions; 

(f) reverse transcribing the transfer vector RNA pac^ 
virion in the ernbryonic stem cell to yield a cDNA; and 

(g) iderinfying embryonic stem cells containing the cDNA and 
Storing tteemt^ 
permit their maturation. 
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69. 



70. 



71. 



10 



11 

of claim 1. / 

The meftod of claim 68 further conprising mttodudng ^matured 

swn cdb containing the cDNA into an ory a nssue, an 
embryo, or an animal host / 

Tte mated of data 68 therein the «^ c ^ od, 2^ it> _ 
modified with respect to the histtx^T^an^!^ on lhe 
ston cdl surface. 



-72. AnielhDdofrecoiisti^ 

embryonic stem cdb con^rismg: / 

(a) inserting a presdected ^ sajuence ^ 
. vector 3' of the transcription initiation site in the 5 LTR to 

yield a DNA trau, — , . 

(b) inlrod*^ 

yiddattansfcmie4<kmace^ ^ 
(cyintrofcc^^ 

transformed aW ceil into an onjan, a tissue, an embiyo, or an 
/and 

(d) identifying an eniryonic stem cdl, or progeny thereof 

,rithm^ 

(producedWtbetransto^ 

^transformed donor cdl, has entered the embryonic stem 
ceu, virion RNA has been reverse transcribed, and a resulting 
/c^A integrated into the genome of the embryonic stem cdl. 

73. Thln^ofclaim72^ 
30 /of claim 1. 

A method of increasing the resistance of a cell to infection by a 
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retrovirus comprising intrcd*^ at least on^ 

vector that is transcribed at a high efficiency into the cell so that RNA 
transcribed from the retrotiansposon vector outcompetes .RNA denved 
fromthe retrovirus for packagiiig protein or ceUular^ 
machinery, following infection by me refroviriis. / 

Ame^ofsdectingr^^ 

effideody comprising: J 

(a) introo^ 

a donor helper cell to yield a transfbmied dc^ 

(b) transcribing RNA from the DNA transfer vector in the 
donor helper ceil to yield transfer vectorRNA; 

(c) packaging the transfer vector RNA with packaging proteins 
provided by the hdper cell into a virion to yidd a virus wh^ 
transfer vector RNA; / 

(d) infecting a differ^ donor hdper cell wWi toe virus; 

(e) reverse trar^W 

cdl of step (d) to yidd a cDNA; 

(f) traiiscnWRNA ftomthe dm to yidd transfer vector 
RNA; / 

(g) packaging transfer vector RNA of step (f) with packaging 
pnWprovided by the hdr« c^ 

yidd/ virus with transfer vector RNA; and 
' (hVre^ating steps (a >{g) until the vec^ wtt* 
i/anewttchrephc^ 

4as not repeatedly passaged through hdper cdls. 

jneAod of claim 75 wherein the 1^ transfer vector is 
f claim 1. 



